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ABSTRACT
Aims. The Alice far-ultraviolet spectrograph onboard Rosetta is designed to observe emissions from various atomic and molecular
species from within the coma of comet 67P/ Churyumov-Gerasimenko and to determine their spatial distribution and evolution with
time and heliocentric distance.
Methods. Following orbit insertion in August 2014, Alice made observations of the inner coma above the limbs of the nucleus of the
comet from cometocentric distances varying between 10 and 80 km. Depending on the position and orientation of the slit relative to
the nucleus, emissions of atomic hydrogen and oxygen were initially detected. These emissions are spatially localized close to the
nucleus and spatially variable with a strong enhancement above the comet’s neck at northern latitudes. Weaker emission from atomic
carbon and CO were subsequently detected.
Results. Analysis of the relative line intensities suggests photoelectron impact dissociation of H2O vapor as the source of the observed
H i and O i emissions. The electrons are produced by photoionization of H2O. The observed C i emissions are also attributed to electron
impact dissociation, of CO2, and their relative brightness to H i reflects the variation of CO2 to H2O column abundance in the coma.
Key words. comets: individual: 67P/Churyumov-Gerasimenko – ultraviolet: spectroscopy
1. Introduction
Over the past 40 years, spectroscopic observations of comets
from suborbital and orbital platforms in the vacuum ultraviolet
(the spectral range below the atmospheric cut-off at ∼3,000 Å)
have yielded a wealth of information about the composition and
temporal evolution of cometary comae. The far-ultraviolet, the
region shortward of 2,000 Å, contains the resonance transitions
of the cosmically abundant elements, as well as electronic tran-
sitions of simple molecules such as CO and H2. The princi-
pal excitation mechanism in the ultraviolet is resonance fluores-
cence of solar radiation but the relative paucity of solar ultra-
violet photons has limited observations from orbiting observa-
tories such as the International Ultraviolet Explorer, the Hubble
Space Telescope (HST) (Lupu et al. 2007; Weaver et al. 2011),
and the Far Ultraviolet Spectroscopic Explorer (Feldman et al.
2002; Weaver et al. 2002) to moderately active comets within
∼1.5 AU of the Sun. The highest spatial resolution at a comet that
has been obtained is with the Space Telescope Imaging Spectro-
graph (STIS) on HST, but is typically limited to tens of kilome-
ters for comets passing closest to the Earth.
The Alice far-ultraviolet spectrograph on Rosetta makes pos-
sible observations on scales of tens to hundreds of meters near
the nucleus of the comet, and we report on such observations
made beginning in August 2014 when the spacecraft entered an
orbit ∼100 km about the nucleus. Prior to the deployment of the
lander, Philae, on November 12, 2014, the spacecraft attained
a bound orbit of ∼10 km. The recorded spectra are quite dif-
ferent, and quite unexpected, compared to previously observed
coma spectra. They present a unique opportunity to probe the
coma-nucleus interaction region that is not accessible to the in
situ instruments on Rosetta or to observations from Earth orbit.
In this initial report we present a sample of the spectra obtained
under three different viewing scenarios and discuss our interpre-
tation in terms of photoelectron dissociative excitation of H2O.
Our results are supported by concurrent data obtained by other
instruments on Rosetta.
2. Instrument Description
Alice is a lightweight, low-power, imaging spectrograph opti-
mized for in situ far-ultraviolet (FUV) spectroscopy of comet
67P. It is designed to obtain spatially-resolved spectra in the 700-
2050 Å spectral band with a spectral resolution between 8 and
12 Å for extended sources that fill its field-of-view. The slit is
in the shape of a dog bone, 5.5◦ long, with a width of 0.05◦
in the central 2.0◦, while the ends are 0.10◦ wide. Each spa-
tial pixel or row along the slit is 0.30◦ long. Alice employs an
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off-axis telescope feeding a 0.15-m normal incidence Rowland
circle spectrograph with a concave holographic reflection grat-
ing. The imaging microchannel plate detector utilizes dual solar-
blind opaque photocathodes (KBr and CsI) and employs a two-
dimensional delay-line readout. Details of the instrument have
been given by Stern et al. (2007).
3. Observations
3.1. September Observations
In mid-August 2014, following orbit insertion around 67P on
August 6, Rosetta maintained a distance of between 60 and
100 km from the center of the nucleus. During this period, when
the remote sensing instruments were usually pointed at the nadir,
coma above the comet’s limbs could be detected in the pixels at
the wide ends of the Alice slit. As the distance to the comet was
reduced for insertion into a bound orbit at ∼30 km, the comet
overfilled the slit and coma observations were possible only
when the spacecraft was pointed away from nadir towards one of
the limbs. Owing to the irregular shape of the nucleus and resid-
ual uncertainties in the spacecraft’s trajectory, the exact point-
ing geometry had to be reconstructed from images taken either
by the navigation camera or the OSIRIS Wide Angle Camera
(WAC, Sierks et al. 2015). Examples of the latter from Septem-
ber 21 and 23 are shown in the left panels of Figures 1 and 2,
respectively, in which the brightness scale has been stretched
to show the dust jets emanating from the “neck” region of the
comet. Both images were taken at a distance of ∼28 km from the
nucleus. The projection of the Alice slit on the comet is shown.
Nearly simultaneous spectral images, shown in the right panels
of the figures, reveal enhanced emission from atomic hydrogen
and oxygen in the region of the slit coincident with the dust jet.
Note that these images represents “snapshots” in time. Our spec-
tra are usually accumulated in 10-minute integrations, a number
of which are then co-added to enhance the signal-to-noise ratio
of the spectra. Since the comet is rotating with a 12.4 hour pe-
riod and the spacecraft is slowly moving, the resulting spectrum
does not map exactly onto the image as implied by the figures.
Coma emission is usually quite weak compared with the re-
flected solar spectrum from the nucleus. There is also a back-
ground of interplanetary Lyman-α and Lyman-β emission, the
strong Lyman-α contributing to a background of grating scat-
tered light over the entire spectral range that can mask weak
emission features. The coma can be identified by a spectrum
that contains several features that are weak in the solar spec-
trum and do not appear in the reflected light from the nucleus.
Both of the spectral images show an unusually bright coma in
the high number rows of the Alice detector. The reflected solar
radiation from the nucleus, in the low number rows, is somewhat
attenuated by the large solar phase angles of 62.3◦ and 76.1◦, re-
spectively (Feaga et al. 2014). Note the presence of two atomic
oxygen lines in the coma that do not appear in the spectrum of
the nucleus.
Spectra of the coma derived from the spectral images of Fig-
ures 1 and 2 are shown in Figure 3. The features identified in the
figure include the first three members of the H i Lyman series,
O i multiplets at 1152, 1304, and 1356 Å, and weak multiplets
of C i at 1561 and 1657 Å. In addition, Lyman-δ and blended
higher members of the Lyman series are seen at 950 Å and down
to the series limit at 912 Å. O i λ989 is also partially resolved.
CO Fourth Positive band emission is seen in the spectrum from
September 23. The surprise is O i] λ1356, which is a forbidden
intercombination multiplet (5S o −3 P) that is rarely seen in coma
spectra. In the very bright comet C/1995 O1 (Hale-Bopp), its
brightness was 42 times smaller than O i λ1304 (McPhate et al.
1999). The spectra also show a quasi-continuum that we attribute
to scattering from residual gas in the vicinity of the spacecraft as
its brightness appears correlated with the time following an or-
bital correction maneuver (thruster firing).
The relative intensities of the observed H i and O i multi-
plets are characteristic of electron dissociative excitation of H2O
(Makarov et al. 2004; Itikawa & Mason 2005; McConkey et al.
2008). We can exclude prompt photodissociation of H2O based
on both the low photodissociation rate (Wu & Chen 1993) and
the selection rules for H2O absorption (Wu & Judge 1988). Elec-
tron impact on CO2 is the likely source of the weak C i λλ1561
and 1657 multiplets and the very weak C ii λ1335 multiplet
(Ajello 1971a,b; Mumma et al. 1972). The source of the elec-
trons is photoionization of H2O and the resultant photoelectrons
have peak energies in the range of 25 to 50 eV, although more en-
ergetic electrons have also been detected by the Ion and Electron
Sensor (IES) instrument on Rosetta (J. L. Burch, private com-
munication). Using the cross sections of Makarov et al. (2004)
which are for an incident electron energy of 200 eV, the only en-
ergy for which all of the spectral features have measured values,
we can calculate a synthetic spectrum for comparison with the
data. This is shown overplotted in red on the spectrum in Fig-
ure 3, normalized to the Lyman-β flux, which also gives an ex-
cellent fit to O i λ1304. We use Lyman-β for normalization rather
than Lyman-α because of the difficulty in subtracting the inter-
planetary background, which is ∼300 times brighter at Lyman-
α than at Lyman-β. The other features are fit less well but the
differences can probably be attributed to the uncertainties in the
electron energy spectrum and cross sections at the lower energies
where the photoelectron flux peaks. In the case of O i] λ1356,
Makarov et al. (2004) noted that their laboratory cross section is
only an estimate because of the 180 µs lifetime of the 5S o state,
which leads to a loss of emitters in the interaction region sam-
pled by the experiment.
3.2. October Off-nadir Limb Stares
From the 10 km orbit in mid-October 2014 Alice observed emis-
sions from atomic H and O above the comet’s limb. In Figures 4
and 5, the brightness of the H i Lyman-β line from two off-nadir
sequences is used as a surrogate for H2O abundance along the
line-of-sight. The times of the off-nadir limb stares are indicated
at the bottom of each plot. The vertical bars represent a single 10-
minute spectral histogram. They are not error bars but represent
the average brightness in the wide bottom (black), narrow center
(red) and wide top (blue) rows of the Alice slit, and indicate de-
creasing brightness with distance above the limb (black closest
to limb). The projected separation between the top and bottom
points is ∼500 m, which represents the apparent scale length of
the emissions above the limb. The sub-spacecraft latitude (dash)
and longitude (dot-dash) are also shown in the figures. Note that
the Alice slit appears to cross the boundary of a jet at UT 16:00
on October 22. The atomic emissions exhibit brightness varia-
tions with sub-spacecraft longitude and latitude similar to abun-
dance variations observed by other Rosetta orbiter instruments
(ROSINA (Hässig et al. 2015), MIRO (Gulkis et al. 2015)) with
a pronounced enhancement at northern latitudes (Fig. 5) relative
to southern latitudes (Fig. 4).
To examine how the spectrum varies with time and space-
craft position, we have selected four periods during the off-
nadir stares on October 22-23 (Fig. 5) and co-added multiple
10-minute histograms to enhance the signal-to-noise ratio of the
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spectra from the narrow center of the Alice slit. The brightnesses
of the brightest atomic emissions are tabulated in Table 1 and the
spectra from the first and last periods are shown in Figure 6. Note
the significant change in the relative brightness of the C i multi-
plets to the H i and O i emissions between the first and last of
these spectra. As noted above, the C i (and C ii) multiplets likely
arise from electron impact excitation of either CO or CO2. The
relative intensities 1657:1561:1335 ≈2:1:1 are more consistent
with dissociative excitation of CO2 (Ajello 1971b; Mumma et al.
1972) than with CO (Ajello 1971a) even though the laboratory
data on CO are incomplete because of the dominance of CO
Fourth Positive emission in the experiment. Nevertheless, the
data of Ajello (1971a) and of Aarts & de Heer (1970) suggest
that if electron impact on CO was significant then C ii λ1335
would be considerably brighter than C i λ1657.
Using cross sections at 100 eV, we can derive the relative
CO2/H2O abundance from the brightness ratio of C i λ1657
to Lyman-β, as given for the data of Table 1 in Table 2. The
trend of increasing relative CO2 abundance is consistent with
the range of relative abundances derived from infrared spectra
obtained by the VIRTIS-H instrument during the same time pe-
riod (Bockelée-Morvan et al. 2014). Note that the data suggest
a relatively constant CO2 column during this period while the
H2O column decreased by over a factor of three, consistent with
the trend reported by ROSINA (Hässig et al. 2015). A detailed
study of the abundance ratio as a function of position above the
limb will be presented in a subsequent paper.
Table 2 also shows an interesting trend in the ratio of O i]
λ1356 to O i λ1304. Makarov et al. (2004) give a value of 0.23
for this ratio from electron impact on H2O at 100 eV together
with their caveat about the approximate nature of their derived
value of the O i] λ1356 cross section. Most of the early Alice ob-
servations of coma spectra show a ratio of between 0.3 and 0.35,
somewhat higher than the laboratory value but compatible with
the caveat of Makarov et al. However, as can be seen in Table 2,
the spectra from three of the four observations reflect a higher
brightness ratio and follow the trend of increasing CO2/H2O col-
umn abundance. This is suggestive of electron impact excitation
of either CO2 and/or O2, both of which have O i] λ1356 cross
sections much larger than that of H2O and also larger than the
corresponding cross section for excitation of O i λ1304.
For CO2, Wells et al. (1972) reported a cross section for elec-
tron impact excitation of O i] λ1356 at 100 eV ∼100 times higher
than that for H2O. Wells & Zipf (1972) subsequently revised the
number down by a factor of 3 based on a laboratory measurement
of the O(5So) lifetime. McConkey et al. (2008) note the conflict-
ing reports of the measured O i λ1304 cross section at 100 eV but
nevertheless the cross section for O i] λ1356 is larger by a fac-
tor of 2 or 3 depending on whose cross section is adopted, and
electron excitation of CO2 can account for the increase in the in-
tensity ratio derived in Table 2. Regrettably, the laboratory data
currently available do not allow for a more quantitative analysis.
We also note that the electron impact cross sections for O2 to
produce the atomic oxygen emissions are very similar to those
for CO2, with the O i] λ1356 to O i λ1304 ratio well known to be
2.2 (Kanik et al. 2003), so that O2, recently reported in ROSINA
mass spectra (K. Altwegg, private communication), could also
be contributing to the intensity ratio increase observed by Alice.
3.3. Observations Against and Above the Dark Neck -
November 29
Following Lander delivery on November 12, Rosetta was placed
in a near-circular (∼30 km) near-terminator orbit that permit-
ted Alice to observe H i and O i emissions from the coma along
a line-of-sight to un-illuminated regions of the nucleus. One
particular example, from November 29, is shown in Figure 7,
consisting of a NAVCAM context image and the corresponding
spectral image. Another example, from the same day, shown in
Figure 8, shows the Alice slit crossing the limb above the neck
region and extending into the jet above the neck. In the first ex-
ample, the spectrum from the narrow center of the slit, shown
in the left panel of Figure 9, was obtained viewing against the
dark neck. In this case, there is no interplanetary hydrogen back-
ground and the ratio of Lyman-β to Lyman-α can be used to test
our interpretation of electron impact dissociation of H2O. The
caveat here is that due to the nature of the detector photocathode
(Stern et al. 2007), the Lyman-α sensitivity varies by a factor of
2 along the slit, as noted from measurements of the interplan-
etary H emissions made during the Rosetta fly-by of Mars in
2007 (Feldman et al. 2011). From the figure, in this spectrum the
Lyman-α/Lyman-β ratio is ≈5, whereas the experimental value,
for 100 eV electrons, is 7 (Makarov et al. 2004). For optically
thin resonance scattering of solar radiation the Lyman-α/Lyman-
β ratio is ∼300, similar to the interplanetary background value.
Considering the above caveats plus the calibration uncertainty
at Lyman-α due to charge depletion of the microchannel plate
detector, the low value found for the Lyman-α/Lyman-β ratio
provides confirmation of electron dissociative excitation as the
source of the observed atomic emissions. Note the weak C i
emissions indicating a low relative abundance of CO2 to H2O
in this spectrum.
The viewing geometry of Figure 8 permitted Alice measure-
ments of the coma emissions above the neck at high northern lat-
itude. Here the coma emissions are seen both above and against
the neck. The C i emissions also appear weakly across the entire
length of the Alice slit. The emissions observed above the neck
(right panel of Fig. 9) are brighter than those looking directly at
the neck as a result of the Alice line-of-sight extending through
the day side of the coma.
4. Discussion
The far-ultraviolet spectra of the coma of 67P/Churyumov-
Gerasimenko as observed by Alice consist predominantly of H i
and O i emissions and the relative intensities of the strongest of
these emissions have not changed over 4 months of observation
as the comet approached the Sun from a heliocentric distance of
3.6 AU to 2.8 AU. These spectra, obtained at high spatial reso-
lution close to the nucleus, are fundamentally different from far-
ultraviolet comet spectra observed from Earth orbit, which view
the coma on scales of hundreds to thousands of km, in which
atomic emissions are primarily due to resonance fluorescence
of solar UV radiation by dissociation products of the primary
molecular constituents of the nucleus.
Assuming the observed H and O emissions are primarily
produced by electron impact dissociation of H2O, these far-
ultraviolet observations could be mapping the spatial distribution
of water plumes erupting from the surface of the nucleus. A sim-
ilar interpretation has been applied to the mapping of H and O
emissions from water plumes emanating from Jupiter’s satellite
Europa (Roth et al. 2014). We follow the approach of Roth et al.
(2014) to estimate the electron density required to produce the
observed emission brightness, Bλ, at a given wavelength, λ, in
rayleighs (1 rayleigh = 106/4pi photons cm−2 s−1 sr−1).
Bλ = 10−6
∫
ne(z)nH2O(z)gλ(Te)dz
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Table 1. October 2014 Off-nadir Observations.
Observation Start Exposure Brightness (rayleighs)
(UT) Time (s) H i Lyman-β O i λ1304 O i] λ1356 C i λ1657
2014-10-22 16:30:14 2419 24.0 ± 0.42 8.68 ± 0.35 2.91 ± 0.35 1.76 ± 0.74
2014-10-23 00:07:15 5368 21.2 ± 0.37 7.20 ± 0.32 3.24 ± 0.32 2.04 ± 0.57
2014-10-23 02:40:01 5443 12.0 ± 0.31 4.29 ± 0.24 1.76 ± 0.24 1.23 ± 0.32
2014-10-23 04:05:58 5443 7.13 ± 0.25 2.39 ± 0.20 1.48 ± 0.20 1.73 ± 0.38
Table 2. Brightness Ratios and Derived CO2/H2O Column Abundance Ratios.
Observation Start O i λ1304/ O i] λ1356/ C i λ1657/ [CO2]/
(UT) H i Lyman-β O i λ1304 H i Lyman-β [H2O]
2014-10-22 16:30:14 0.362 ± 0.044 0.335 ± 0.043 0.073 ± 0.031 0.045 ± 0.019
2014-10-23 00:07:15 0.340 ± 0.034 0.450 ± 0.049 0.096 ± 0.027 0.059 ± 0.017
2014-10-23 02:40:01 0.359 ± 0.050 0.410 ± 0.061 0.103 ± 0.027 0.064 ± 0.016
2014-10-23 04:05:58 0.336 ± 0.048 0.618 ± 0.100 0.242 ± 0.054 0.150 ± 0.033
where ne and nH2O are the local electron and H2O densities, re-
spectively, gλ is the electron excitation rate as a function of elec-
tron temperature, Te, and the integral is along the line-of-sight to
the coma. If we replace ne(z) with a mean electron density, n¯e, in
the interaction region, the equation simplifies to
Bλ = 10−6n¯egλ(Te) ¯NH2O
where ¯NH2O is the water column density along the line-of-sight.
To evaluate the excitation rate, gλ, we approximate the pho-
toelectron energy spectrum with a Maxwellian distribution char-
acterized by an electron temperature of 25 eV, neglecting the low
energy component of the energy distribution (Körösmezey et al.
1987) as the dissociative cross sections decrease rapidly below
this energy (Makarov et al. 2004; Itikawa & Mason 2005). We
consider the line-of-sight to the nucleus shown in Fig. 7 and its
corresponding spectrum in the left panel of Fig. 9. For the H i
Lyman-β emission, the observed flux translates to ∼30 rayleighs,
and the calculated emission rate is 2 × 10−10 cm3 s−1. Thus, for
a water column density of 1 × 1015 cm−2 (the low end of the
range reported by MIRO, Gulkis et al. (2015)) the required mean
electron density would be ∼100 cm−3. This order of magnitude
estimate is consistent with both modeled cometary photoelec-
tron fluxes (Körösmezey et al. 1987) and early measurements
reported by the IES instrument on Rosetta (J. L. Burch, private
communication). We note that since the photoelectron produc-
tion rate is also proportional to the H2O density, the atomic emis-
sions observed by Alice should vary more strongly with position
in the coma than the measured molecular column densities.
In addition to the atomic emissions, spectra taken at lower
phase angles show the presence of dust through scattering of
long wavelength solar ultraviolet photons with similar spatial
dependence as the atomic emissions. Surprisingly, CO Fourth
Positive band emission, routinely observed in Earth-orbital ob-
servations of comets, is clearly observed only occasionally and at
relatively low brightness, as in the right panel of Figure 3. Both
spectra in this figure show weak C i multiplets whose relative
intensities suggest electron impact dissociation of CO2 (Ajello
1971b; Mumma et al. 1972). However, electron impact dissocia-
tion of CO2 has a considerably smaller cross section for the pro-
duction of the CO bands than for C i λ1657 (Mumma et al. 1971)
and so the absence of CO emission in the left panel suggests that
the observed emission in the right panel is due to solar resonance
fluorescence. From the model of Lupu et al. (2007) the observed
band brightnesses correspond to CO line-of-sight column densi-
ties ≤ 1 × 1014 cm−2. We note that solar resonance fluorescence
does not contribute significantly to any of the observed atomic
emissions because of the very low column densities of these dis-
sociation products near the nucleus.
5. Conclusion
In this initial report we have presented a few examples of the far-
ultraviolet spectra obtained by Alice through the end of Novem-
ber 2014. Limb emission is found to be highly variable with po-
sition and time, and during late 2014 appears strongest at north-
ern sub-spacecraft latitudes, and in the vicinity of the comet’s
“neck”. Relative intensities of the strongest H i and O i emissions
have not varied significantly during this time period and support
the interpretation of electron dissociative excitation of H2O as
the primary source of the emission. C i emissions, similarly at-
tributed to electron dissociative excitation of CO2, do vary rela-
tive to H i and O i, consistent with heterogeneous coma compo-
sition reported by other Rosetta instruments. Although the spec-
trograph slit is not perfectly aligned with the visible jets in our
observations, the spatial variation of the emissions along the slit
indicates that the excitation occurs within a few hundred meters
of the surface and the gas and dust production are correlated.
More detailed future analyses, combining the Alice spectra with
data obtained by the other remote sensing instruments and in situ
particle measurements, are forthcoming.
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Fig. 1. Left: OSIRIS Wide Angle Camera image taken at UT 01:10 September 21 stretched to show jets above the comet’s neck. The field of view
is 12◦ × 12◦ which projects to 5.85 × 5.85 km2 at the center of the nucleus. The position of the Alice slit is superimposed on the images. The Sun
is towards the top. Right: A 30-minute spectral image starting at UT 00:07 September 21. The comet was 3.33 AU from the Sun and the distance
to the center of the nucleus was 27.6 km. The solar phase angle was 62.3◦. One spatial row of the spectral image projects to 145 m. Atomic H and
O features seen in the coma (rows 18–23) are identified. Note the clear separation of O i λ1356 in the coma from C ii λ1335 in the solar spectrum
reflected from the nucleus. Credits: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA
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Fig. 2. Left: Same as Fig. 1 for UT 01:28 September 23. Right: A 50-minute spectral image starting at UT 00:54 September 23. The comet was
3.32 AU from the Sun and the distance to the center of the nucleus was 28.5 km. The solar phase angle was 76.1◦. One spatial row of the spectral
image projects to 150 m.
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Fig. 3. Coma spectra. Left: a 30-minute exposure beginning at UT 00:07 September 21. The spectrum is the sum of rows 18–21 and the flux is
given for a slit area of 0.1◦ × 1.2◦ (48 × 580 m2 projected on the nucleus). The red line is a synthetic spectrum of 200 eV electron impact on H2O
(see text). Right: a 50-minute exposure beginning at UT 00:54 September 23. The spectrum is the sum of rows 14–17 and the flux is given for a
slit area of 0.05◦ × 1.2◦ (24 × 580 m2 projected on the nucleus). A synthetic spectrum of solar induced fluorescence for a CO column density of
5 × 1013 cm−2 is shown in blue.
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Fig. 4. H i Lyman-β brightness averaged over three regions of the Alice slit (black - wide bottom, red - narrow center, blue - top wide) as a function
of time during the 15◦ off-nadir limb stares on October 18–19, 2014. The distance to the comet center was 9.9 km and the heliocentric distance
was 3.19 AU.
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Fig. 5. Same as Fig. 4 for the 17◦ off-nadir limb stares on October 22–23, 2014. The distance to the comet center was 9.7 km and the heliocentric
distance was 3.13 AU.
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Fig. 6. Spectra from the narrow center of the Alice slit for two periods of Fig. 5, UT 16:30 on October 22 and UT 04:05 on October 23. The
spectrum on the left was taken about 4 hours after the end of an orbit correction maneuver and shows an elevated quasi-continuum, possibly from
residual thruster gas in the vicinity of the spacecraft.
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Fig. 7. Left: NAVCAM context image obtained November 29 UT 18:05. Right: Near simultaneous spectral image beginning UT 18:00, 2419 s
exposure, viewing against the dark neck. The sunlit nucleus appears in rows 7–14 and 20–22. Note the extension of the coma emissions into rows
20–22. The distance to the comet was 30.3 km, the heliocentric distance was 2.88 AU, and the solar phase angle was 93.1◦.
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Fig. 8. Left: NAVCAM context image obtained November 29 UT 09:45. Right: Near simultaneous spectral image beginning UT 09:48, 1209 s
exposure. The coma emissions are visible (including C i) along the entire length of the slit including the sunlit neck (rows 7–12). The distance to
the comet was 30.3 km and the solar phase angle was 93.6◦.
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Fig. 9. Spectra obtained from the narrow center of the Alice slit corresponding to the spectral images of Fig. 7 (left) and Fig. 8 (right).
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